Root-nodule bacteria (rhizobia) isolated in pure culture from legumes indigenous to south-western Australia were examined for cultural and infective characters. All isolated strains had cultural characters consistent with the slow-growing bacteria of the lupin or soybean type. None of the strains nodulated peas, clover or medic, but hosts from the other four recognized cross-inoculation groups were nodulated. Lupinus digitatus, Glycine hispida, Vigna sinensis and Phaseolus vulgaris formed a natural grouping on the basis of susceptibility to nodulation by the native strains. Within the narrower host range of the genus Lupinus it was found that L. digitatus, L. albus and L. pilosus grouped together on susceptibility to nodulation, whereas L. luteus, L. angustqolius and Ornithopus sativus were not nodulated by any of the sample strains. The use of this geographically isolated sample of rhizobia has further demonstrated the weakness of the present scheme of classification of the nodule bacteria, which is based on the infective character. of the bacteria. A taxonomic system based on Adansonian principles could be applied to the classification of the rhizobia, and a procedure for attempting this is outlined.
INTRODUCTION
The genus Rhixobium comprises a group of organisms characterized by their ability to induce the formation of nodules on the roots of legumes. Allen & Allen (1950) stated ' . . .the ability to invade the roots of leguminous plants and stimulate the production of nodules.. .is the sole criterion for the existence of the genus Rhixobium'. Bacteria thus grouped on the feature of legume root nodulation are subgrouped on the range and type of host plants infected. Bergey 's Manual (1957) accords six of these subgroups specific status but appends a note that some of them may be related. While this classification is generally recognized as imperfect, it persists in the absence of a better system. The present paper reports some results from a survey of the rhizobia associated with indigenous legumes of the botanical South-West Province of Western Australia (Lange, 1960) . The province itself is about 100,000 square miles in area. Its climate was discussed by Gentilli (1946), its geomorphology by Jutson (1950), soils by Teakle (1938) and the indigenous vegetation by Diels (1906) and Gardner (1942) . Indigenous Leguminosae total over 400 species in about 35 genera of the Caesalpiniaceae, Mimosaceae and Papilionaceae. A great many of the species are endemic to the area. Nearly half are species of
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Acacia; the remainder are mostly papilionaceous, principally in genera of the tribe Podalyrieae. The incidence of nodulation in these indigenous legumes has already been tabulated (Lange, 1959) .
METHODS
Over a 2-year period, 7000 miles of traverses were made throughout the study area and the vegetation examined at intervals, usually of only a few miles. Leguminous species were collected for identification and examined for root-nodulation. Species representative of the indigenous Leguminosae were selected from those found to be nodulated. Nodules were removed from these plants in the field, and desiccated in tubes over anhydrous CaCI, (Dr D. 0. Norris, personal communication) . In the laboratory the nodules were reconstituted by soaking in sterile water. They were then surface-disinfected by immersion for 15 min. in a mixture of equal volumes of H,O, (100 vol.) and absolute ethanol, washed and macerated. Samples were streaked on plates of yeast extract + mannitol agar and incubated at 27".
One hundred and sixty-three strains of presumptive rhizobia were isolated in pure culture. Eighty-five of these isolates from 83 host species in 24 legume genera were selected as a fair sample of the Rhizobium population associated with indigenous Leguminosae in the area (see Table 1 ).
Two series of tests were applied to the sample strains.
Tests of cultural characters Colony characters. Visible characteristics of colonies on isolation plates and in pure culture were recorded. Strains of known performance from Glycine, Lathyrus Trifolium, Medicago, Phaseolus and Lupinus were included in all tests to allow direct comparisons to be made.
Morphology and staining. Preparations from 6-day-old cultures were stained by Gram's method and with carbol rose bengal and examined.
Calcium glycerophosphate medium. Strains were streaked on slopes of calcium glycerophosphate agar (Hofer, 1941) , incubated for 3 weeks at 27" and observed for browning of the medium.
Litmus milk. Strains were inoculated into sterile litmus milk, incubated for 4 weeks at 27' and observed for pH change and for serum zone formation.
Colony growth rate. Strains were dispersed in sterile water and dilution series made.
Drops of appropriate dilutions were spread over yeast extract + mannitol agar plates to yield ten to thirty well-isolated colonies. Each plate was incubated at 27", inspected daily, and the times for half of the colonies in sector areas to reach diameters of l mm. recorded. Reactions on sugar. Cultures were inoculated on to nitrate agar medium (Baldwin & Fred, 1927) containing either arabinose, rhamnose, xylose, maltose or sucrose, and pH changes observed after incubation for 5 weeks at 27".
Tests of infectiveness on legunzes
Each of the 85 sample strains was further investigated in a series of glasshouse experiments to determine its infectiveness on the following legumes : Pisum sativum L., (1) Strains known to be infective on the hosts were included. These invariably nodulated the host legume under the conditions of experiment. This ensured that experimental conditions did not restrict nodulation of the plant.
(2) Experiments were terminated when the control nodulation was fully established. Pots were brought to field capacity, wrapped, stacked in a bin and subjected to a continuous flow of steam for 1 hr.; this raised the temperature of the sand to a t least 90'. Seeds were disinfected by immersion for 10-20 min. in a mixture of equal volumes of 100 vol. H,O, and absolute ethanol, followed by washing in sterile water. The seeds were then germinated and planted under sterile conditions. Inoculum was applied direct to the seed coat, and pots were watered with sterile water. The tests were completed in a total of twelve experiments, each of factorial design: host species x sample strains x a minimum of four replications.
Root systems were washed out usually about 28 days after germination and floated in water for examination. In one experiment nodulation occurred in some of the uninoculated control plants ; this experiment was repeated. In the experiments reported here the control of nodulation was absolute.
RESULTS

Cultural characters
All 85 bacterial strains originated from within the tissues of sound legume rootnodules and grew as aerobic heterotrophs. Colonies after 8 days were punctiform, rarely exceeding 1 mm. diam., and were opaque or rarely translucent, whitish, and gummy. No isolated colony exceeded punctiforrn size within 5 days, and all strains were therefore slow-growing compared to the known strains of Rhizobium meliloti, (1) . The details of their infective performance on these species are presented in Table 1 .
DISCUSSION
Breaches of the cross-inoculation boundaries between the soybean and the cowpea (Leonard, 1923) , and between lupins, soybeans and cowpea (Bushnell & Sarles, 1937) have been reported before. The results submitted here further illustrate the deficiencies of the cross-inoculation-group concept when used to delineate species of Rhixobium. The bacterial strains used in this study were selected as representative of the microsymbionts from indigenous legumes in the study area. When compared with recognized Rhixobium species on the basis of their in vitro characters, all of them showed the characteristics of the slow-growing species Rhixobium japonicum, or of the cowpea group of rhizobia.
The range of infective performance exhibited by the sample strains extended to hosts from four of the recognized cross-inoculation groups, namely, the cowpea, lupin, soybean and bean groups. However, infection across the boundaries of these four groups was prevalent to the extent of being typical rather than exceptional. Thus of the 85 strains examined 45 strains nodulated hosts in 4 cross-inoculation groups; 31 strains nodulated hosts in 3 cross-inoculation groups ; 6 strains nodulated hosts in 2 cross-inoculation groups ; 3 strains nodulated hosts in 1 cross-inoculation group. On the evidence it is impossible to place these strains in specific cross-inoculation groups, or to assign species designations to them on the basis of the accepted system. Distinctly different host groupings are apparent. For example, Lupinus digitatus, Glycine hispida, Vigna sinensis and Phaseolus vulgaris group together on susceptibility to infection by the sample strains, even though these hosts are from four different cross-inoculation groups. Similarly, L. digitatus, L. albus and L. pilosus group with each other on susceptibility, but do not group a t all with their accepted cross-inoculation associates L. angustiJolius, L. luteus and Ornithopus sativus.
Three Rhixobium species were not involved at all. None of the data implicated the clover, the medic or the pea cross-inoculation groups in any way, although
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evidence from other sources (Kleczkowska, Nutman & Bond, 1944; Norris, 1959) shows that the pea and clover groups are not as discrete as they were once regarded. Past studies of root-nodule bacteria show preoccupation with symbiont infectiveness patterns because of the economic importance attached to them. For the same reason, there has been a further preoccupation with agronomic legumes. This bias has dominated microsymbiont classification. In the period around 1920 there were two conflicting approaches. On the one hand, an expedient classification of the bacteria was derived based solely on their segregations in symbiotic infectiveness patterns (Garman & Didlake, 1914 ). On the other hand, the practice of classifying strains on the basis of symbiotic performance alone was rejected by Lohnis & Hansen (1921) . Literature published over the succeeding period recorded the continued dominance and development of the former approach (Fred, Baldwin & McCoy, 1932) . A species of Rhixobium was recognized as containing those microsymbionts which would nodulate a particular group of legumes. Other characters of the bacteria were not accorded equivalent taxonomic weight. Subsequently, patterns of symbiotic infectiveness were demonstrated to be less discrete (Leonard, 1923; Sears & Clark, 1930; Raju, 1936; Bushnell & Sarles, 1937) . Interrelationships led some authors to suggest consolidations of groups and of species (Walker & Brown, 1935) , whilst others suggested retention of the old groups with provision for special cases (Allen & Allen, 1936) .
A second and very emphatic rejection of the cross-inoculation basis of strain classification was made by Wilson (1939) who produced substantial data to support his contentions. Further demonstrations of the inadequacies of the crossinoculation groups continued (Appleman & Sears, 1942; Johnson & Allen, 1952; Ishizawa, 1954; Bowen, 1960) . Recently a third rejection of the cross-inoculationgroup concept was made. Norris (1956) considered that there was no satisfactory known basis for the subdivision of the rhizobia into species. He suggested the use of a symbiotic rating which would indicate the relative affinities of a particular strain for hosts within the three subfamilies of the Leguminoseae.
The suggested modifications all continue to classify the nodule bacteria on the basis of their infective performance, excluding comparisons with bacteria which cannot produce nodules on the roots of a legume. This is clearly unsatisfactory. To be effective as a classification of bacteria, a system should be erected on non-biased over-all similarities. The Adansonian classification proposed by Sneath (1957) fulfils these requirements. The classification of the root nodule bacteria might thus be resolved by research within the following stages:
(1) Collection of types (or neotypes) of all recognized Rhixobium species.
(2) Collection from botanically representative and geographically diverse sources the widest sample of legume root-nodule bacteria possible within research resources.
(3) Collection of types and representatives of possibly related bacteria, e.g.
Agrobacterium (Hofer, 1941 ; Bonnier, 1953) ; Bacillus (Bisset, 1952 (Bisset, , 1959 ; Beyerinckia (Derx, 1953) . (4) Derivation of a range of tests by which all these bacteria may be described.
(5) Application of the tests, and classification of all strains on the results, by Sneath's (1957) method.
By thus relating a full range of root-nodule bacteria to each other and to other bacteria, their over-all similarities and groupings should become evident, and the
